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©  Alignment  aid. 

@  An  alignment  aid  for  facilitating  the  accurate  superposi- 
tion  of  two  or  more  transparencies  comprises  one  or  more 
regions  of  markings,  the  marking  being  such  that  the 
superposition  of  the  alignment  aids  of  two  or  more  trans- 
parencies  in  any  position  other  than  in  predetermined 
absolute  alignment  will  form  one  or  more  moire  fringes. 

The  alignment  aid  conveniently  comprises  one  or  more 
concentric  spirals,  a  plurality  of  concentric  ellipses  having  a 
common  major  axis,  or  a  region  of  concentric  circles 
together  with  a  region  comprising  a  plurality  of  straight  lines 
parallel  one  with  another. 
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 A n   alignment  aid  for  facilitating  the  accurate  superposi- 
tion  of  two  or  more  transparencies  comprises  one  or  more 
regions  of  markings,  the  marking  being  such  that  the 
superposition  of  the  alignment  aids  of  two  or  more  trans- 
parencies  in  any  position  other  than  in  predetermined 
absolute  alignment  will  form  one  or  more  moir6  fringes. 

The  alignment  aid  conveniently  comprises  one  or  more 
concentric  spirals,  a  plurality  of  concentric  ellipses  having  a 
common  major  axis,  or  a  region  of  concentric  circles 
together  with  a  region  comprising  a  plurality  of  straight  lines 
parallel  one  with  another. 



This  i n v e n t i o n   r e l a t e s   to  an  a l ignment   aid  for  f a c i l i t a t i n g   t h e  

a c c u r a t e   s u p e r p o s i t i o n   of  two or  more  t r a n s p a r e n c i e s .  

I t   is  n e c e s s a r y   to  s u p e r i m p o s e   p h o t o g r a p h i c   t r a n s p a r e n c i e s  

a c c u r a t e l y   in  a  number  of  o p t i c a l   p r o c e s s e s .   Op t i ca l   metrology  i s  

concerned  with  ex t remely   accu ra t e   measurement .   In  one  m e t r o l o g i c a l  

method  commonly  known  as  Moire  topography,   a  g r a t i n g   of  e q u i - s p a c e d  

p a r a l l e l   l i n e s   is  p r o j e c t e d   on  to  the  o b j e c t   to  be  measured  and 

pho tographs   are  taken  of  the  g r a t i ng   p r o j e c t e d   on  to  the  objec t   and 

a l s o   on  to  a  f l a t   r e f e r e n c e   s c r e e n .   When  the  two  p h o t o g r a p h i c  

t r a n s p a r e n c i e s   are  superimposed  the  g r a t i n g s   combine  to  give  Moire  

f r i n g e s   in  the  form  of  contour   l ines   r e p r e s e n t i n g   the  r e l i e f   of  t h e  

o b j e c t .   As  the  p o s i t i o n   of  the  contour  l i ne s   depends  upon  the  p h a s e  

of  the  two  observed  g r a t i n g s   it  is  nece s sa ry   to  be  able  to  s u p e r -  

impose  the  t r a n s p a r e n c i e s   a c c u r a t e l y   in  order  to  give  p r e c i s e   v a l u e s  

to  each  of  the  contour   l i ne s   p r o d u c e d .  

Moire  f r i n g e s   are  also  used  in  a  v a r i a t i o n   of  the  above  d e s -  

c r ibed   t e chn ique   to  measure  the  deformat ion   of  a  sub jec t   m a t e r i a l  

under  s t r e s s .   A  g r a t i n g   is  p r o j e c t e d   on  to  the  ob jec t   under  t e s t   and  

p h o t o g r a p h i c   t r a n s p a r e n c i e s   are  produced  of  the  ob jec t   when  r e l a x e d  

and  when  s t r e s s e d .   When  the  two  t r a n s p a r e n c i e s   are  s u p e r i m p o s e d  

Moire  f r i n g e s   are  produced  which  can  be  recorded   and  i n t e r p r e t e d   t o  

give  i n f o r m a t i o n   about  the  sur face   de format ion   of  the  o b j e c t .  

In  both  of  the  above  desc r ibed   m e t r o l o g i c a l   t echn iques   i t   i s  

i m p e r a t i v e   that   the  t r a n s p a r e n c i e s   sha l l   be  a c c u r a t e l y   s u p e r i m p o s e d  

as  regards   both  r o t a t i o n a l   and  t r a n s l a t i o n a l   d i s p l a c e m e n t s .   To  h e l p  

achieve  t h i s   i t   is  common  to  include  in  the  i n f o r m a t i o n   recorded  on 

the  p h o t o g r a p h i c   t r a n s p a r e n c y   one  or  more  a l ignment   aids  in  the  fo rm 

of  c r o s s w i r e s   or  segmented  c i r c l e s .   Often  the  a l ignment   a c h i e v a b l e  

wi th   the  u n a i d e d   human  eye  is  not  s u f f i c i e n t l y   p r e c i s e   and  t h e  

a l ignment   aids  must  each  be  viewed  through  a  microscope  in  order  t o  

de t ec t   the  p o s i t i o n   of  best   a l ignment .   Since  up  to  four  a l i g n m e n t  

aids  may  be  p r e sen t   on  each  t r a n s p a r e n c y   and  each  one  must  r e p e a t e d l y  

be  viewed  m i c r o s c o p i c a l l y ,   the  accu ra t e   s u p e r p o s i t i o n   of  the  t r a n s -  

p a r e n c i e s   is  a  s k i l l e d   and  lengthy  p r o c e s s .  

There  thus  e x i s t s   a  need  for  an  a l ignment   aid  which  is  c a p a b l e  

of  f a c i l i t a t i n g   s imple ,   quick  and  a ccu ra t e   a l ignment   between  two 

superimposed  t r a n s p a r e n c i e s   in  both  r o t a t i o n a l   and  t r a n s l a t i o n a l  



s e n s e s ,   ie  so  tha t   no  degree  of  freedom  remains  for  m i s a l i g n m e n t .  

Such  a l ignment   is  he re in   termed  ' a b s o l u t e   a l i g n m e n t ' ,   and  the  p r e s e n t  
i n v e n t i o n   seeks  to  s a t i s f y   th i s   n e e d .  

The  i nven t ion   depends  upon  use  of  a  Moire  f r i n g e   e f f e c t   be tween 

super imposed  p a t t e r n s .   Moire  f r i n g e s   e f f e c t s   are  p r i m a r i l y   b e i n g  

u t i l i s e d   for  Moire  topography  as  d e s c r i b e d   h e r e i n b e f o r e ,   and  i n  

dev ices   for  the  a ccu ra t e   measurement  of  d i s p l a c e m e n t .   The  A p p l i c a n t  

is  a l so   aware  of  two  p r i o r   p r o p o s a l s   from  very  d i f f e r e n t   a r t s   i n  

which  the  e f f e c t   is  used  as  an  a l i gnmen t   a i d .  

In  one  case,  as  an  aid  to  the  angu l a r   a l ignment   of  i n c l i n e d  

b l a s t   ho les ,   c lo se ly   spaced  p a r a l l e l   l i n e s   are  engraved  on  a  pair   o f  

p a r a l l e l   a c r y l i c   p l a t e s ,   one  f i x e d ,   the  o ther   f r e e l y   p ivoted   u n d e r  

g r a v i t y .   As  l i g h t   passes  t h rough ,   an  i n t e r f e r e n c e   p a t t e r n   of  b r o a d  

arrows  is  formed  when  the  two  p l a t e s   are   out  of  angu la r   a l i g n m e n t .  

This  e f f e c t   is  u t i l i s e d   t o  a l i g n   the  d r i l l   a c c u r a t e l y   at  the  same 

angle   for  succes s ive   b o r e s .  

In  the  other   case,  as  d i s c l o s e d   in  UK  Pa t en t   No  1174781,  an  

a l ignmen t   aid  for  the  p o s i t i o n i n g   of  co lour   n e g a t i v e s   so  as  to  o b t a i n  

a c c u r a t e   r e g i s t r a t i o n   t h e r e o f ,   compr i ses   a  p a t t e r n   of  c o n c e n t r i c  

r i ngs   on  each  member  to  be  a l i g n e d .   Any  t r a n s l a t i o n a l   d i s p l a c e m e n t  

between  the  members  when  super imposed   is  i n d i c a t e d   by.a  Moire  f r i n g e  

p a t t e r n   set  up  between  the  two  s e t s   of  m a r k i n g s .  

These  two  p r io r   a r t   systems  enable   g r e a t l y   i n c r e a s e d   accuracy  t o  

be  ach ieved   with  d i r e c t   v i s u a l   o b s e r v a t i o n ,   ie  wi thout   the  use  o f  

m a g n i f i c a t i o n   dev ices .   However,  both  s u f f e r   from  the  sho r t coming  

t h a t   n e i t h e r   is  capable  of  f a c i l i t a t i n g   a b s o l u t e   a l i gnmen t .   In  t h e  

one  case,   p a r a l l e l   l i ne s   cannot  i n d i c a t e   a  t r a n s l a t i o n a l   d i s p l a c e -  

ment,  and  in  the  other   case,   the  p a t t e r n   of  c i r c l e s   cannot  i n d i c a t e  

an  angula r   d i s p l a c e m e n t .  

As  noted  h e r e i n b e f o r e ,   a c c u r a t e   a l ignment   of  t r a n s p a r e n c i e s  

r e q u i r e s   a b s o l u t e   a l i g n m e n t ,   and  the  p r e s e n t l y   employed  m e t h o d  

i n v o l v i n g   up  to  four  a l ignment   a ids   is  time  consuming.  It  would  be 

p o s s i b l e   to  envisage  a  system  based  on  the  d i s c l o s u r e   of  UK  Patent   No 

1174781  having  eg  a  p a t t e r n   of  c i r c l e s   in  o p p o s i t e   corners   of  a 

t r a n s p a r e n c y .   A  s i m i l a r   scheme  with  two  p a t t e r n s   of  p a r a l l e l   l i n e s  

would  not  provide  i n f o r m a t i o n   about  t r a n s l a t i o n a l   a l ignment .   In  any 

even t ,   a l tough   a  Moire  f r i n g e   system  would  in  many  i n s t a n c e s   a v o i d  

the  n e c e s s i t y   for  m a g n i f i c a t i o n   by  a  microscope ,   the  need  for  two  o r  



more  a l ignment   aids  d i sp l aced   one  from  another   r enders   the  a l i g n -  

ment  p rocess   t e d i o u s ,   because  of  the  need  to  check  r e p e a t e d l y   t h a t  

ad jus tmen t   of  one  a l ignment   aid  has  not  d i s p l a c e d   a n o t h e r .  

The  p r e s e n t   i nven t ion   provides   an  a r t i c l e   c a r r y i n g   an  a l i g n m e n t  

aid  based  on  the  use  of  Moire  i n t e r f e r e n c e   f r i n g e s   which  avoids  t h i s  

d i f f i c u l t y ,   to  the  e x t e n t   t h a t   even  for   h i g h l y   a c c u r a t e   w o r k  

r e q u i r i n g   the  use  of  a  microscope,   the  a l ignment   p rocess   is  r e n d e r e d  

very  simple  and  s t r a i g h t f o r w a r d .  

Thus,  accord ing   to  one  aspect   of  the  i n v e n t i o n ,   the re   is  p r o v i -  

ded  an  a r t i c l e   having  an  a l ignment   aid  thereon  compr is ing   a  s i n g l e  

reg ion   of  markings  in  the  form  of  c l o s e l y   spaced  l i n e s ,   the  a r r a n g e -  

ment  of  l i n e s   wi th in   the  s ing le   reg ion   being  such  tha t   on  s u p e r i m p o -  

s i t i o n   of  such  an  a l i g n m e n t   a id   on  a  t r a n s p a r e n c y   over  such  a n  

a l ignment   on  ano ther   a r t i c l e ,   Moire  f r i n g e s   are  formed  by  i n t e r a c t i o n  

of  the  super imposed  markings  of  the  r e s p e c t i v e   s i ng l e   r e g i o n s ,   u n l e s s  

the  a l ignment   aids  are  a l igned   in  both  t r a n s l a t i o n a l   and  a n g u l a r  

s e n s e s .  

P r e f e r a b l y ,   ad j acen t   l ines   of  the  markings  are  equ ispaced   one 

from  a n o t h e r .   This  w i l l   help  to  produce  a  r egu l a r   p a t t e r n   of  Moire  

f r i n g e s   when  superimposed  a l ignment   aids  are  m i s a l i g n e d ,   making  t h e  

f r i n g e s   e a s i e r   to  i n t e r p r e t .  

The  a l ignment   aid  c o n v e n i e n t l y   comprises  a  region  of  mark ings  

c o m p r i s i n g   a  s p i r a l   or  at  l e a s t   two  c o n c e n t r i c   s p i r a l s .   Two 

i d e n t i c a l   r eg ions   of  such  s p i r a l   markings  superimposed  one  upon  t h e  

other   in  a b s o l u t e   a l ignment   wil l   r e t a i n   the  appearance   of  a  s p i r a l .  

I f ,   however,  the  two  s p i r a l s   are  l a t e r a l l y   o f f s e t   one  from  the  o t h e r ,  

the  misa l ignment   wi l l   cause  the  reg ions   of  markings  to  produce  Moire 

f r i n g e s .   The  regions   wi l l   not  r e t a i n   the  appearance  of  the  o r i g i n a l  

s p i r a l s   but  dark  f r i n g e s   ex tending   r a d i a l l y   from  the  cen t re   of  t h e  

s p i r a l s ,   and  e a s i l y   observable   with  the  naked  eye,  w i l l   be  p r e s e n t .  

The  f i r s t   Moire  f r i nge   wi l l   begin  to  appear  when  the  a l ignment   a i d s  

are  l a t e r a l l y   o f f s e t   one  from  the  other   (ie  t r a n s l a t i o n a l l y   m i s -  

a l i g n e d )   by  one  hal f   of  the  spacing  between  ad j acen t   l i ne s   of  t h e  

s p i r a l .  

If  the  two  s p i r a l   markings  are  t r a n s l a t i o n a l l y   in  a l ignment   b u t  

r o t a t i o n a l l y   mi sa l igned   then  one  or  more  c i r c u l a r   Moire  f r i n g e s  

appear ,   c o n c e n t r i c   about  the  cent re   of  the  s p i r a l s .   The  m i s a l i g n m e n t  

necessa ry   to  produce  the  f i r s t   Moire  f r inge   wi l l   be  dependent ,   for  a 



s i n g l e   s p i r a l ,   on  t h e .  l i n e   d e n s i t y   (the  p i t ch   of  the  s p i r a l ) .   The 

s e n s i t i v i t y   may  be  i n c r e a s e d   by  employing  two  or  more  nes ted   c o n -  

c e n t r i c   s p i r a l s   ( ie  an  o v e r a l l   s p i r a l   region  with  s eve ra l   ' s t a r t s ' ) .  

In  an  a l t e r n a t i v e   embod imen t   the  a l i g n m e n t   aid  c o m p r i s e s   a  

s i n g l e   reg ion   of  markings  in  the  form  of  a  zone  c o n s i s t i n g   of  a  

p l u r a l i t y   of  c o n c e n t r i c   c i r c l e s ,   surrounded  by  a  zone  c o n s i s t i n g   of  a  

p l u r a l i t y   of  s t r a i g h t   l i n e s   p a r a l l e l   one  with  ano the r .   Two  such  

a l ignment   aids  which  are  super imposed  yet  t r a n s l a t i o n a l l y   m i s a l i g n e d  

cause  r a d i a l l y   ex t end ing   f r i n g e s   to  appear  on  the  zone  of  c o n c e n t r i c  

c i r c l e s .   As  with  the  s p i r a l   markings  p r e v i o u s l y   d e s c r i b e d ,   the  f i r s t  

Moire  f r i n g e   w i l l   begin  to  appear   when  the  a l ignment   aids  are  l a t e r -  

a l l y   o f f s e t   by  one  ha l f   of  the  spacing  between  ad j acen t   c i r c l e s .   No 

f r i n g e s   w i l l   be  o b s e r v e d   in  the  zone  of  p a r a l l e l   l i n e s   b e c a u s e  

t r a n s l a t i o n a l   misa l ignment   between  two  such  p a t t e r n s   of  m a r k i n g s  

wi thout   r o t a t i o n   w i l l   s t i l l   leave  the  l ines   p a r a l l e l   one  with  t h e  

o t h e r .  

If  two  such  a l ignment   aids  are  t r a n s l a t i o n a l l y   a l igned   and  y e t  

r o t a t i o n a l l y   m i s a l i g n e d   no  f r i n g e s   wi l l   be  observed  in  the  zone  o f  

c o n c e n t r i c   c i r c l e s .   However  one  or  more  dark  i n t e r f e r e n c e   f r i n g e s  

w i l l   appear   on  the  zone  of  p a r a l l e l   l i n e s .   The  spacing  S,  be tween  

a d j a c e n t   f r i n g e s   on  the   zone  of  p a r a l l e l   l i n e s   is  g iven   by  t h e  

e q u a t i o n :  

where  p  is  the  spacing  between  a d j a c e n t   p a r a l l e l   l i n e s ,   and 

A  is  the  r o t a t i o n a l   angle   through  which  the  two  a l ignment   a i d s  

are  m i s a l i g n e d .  

The  combinat ion   of  the  zone  of  c o n c e n t r i c   c i r c l e s   to  d e t e c t  

l a t e r a l   misa l ignment   and  the  zone  of  p a r a l l e l  s t r a i g h t   l i nes   t o  

d e t e c t   anngular   misa l ignment   ensures   tha t   Moire  f r i n g e s   are  a lways  

o b s e r v a b l e   except   when  the  two  or  more  a l ignment   aids  are  in  a b s o l u t e  

a l ignment   one  with  a n o t h e r ,   ie  both  r o t a t i o n a l l y   and  t r a n s l a t i o n a l l y  

a l i g n e d .  

In  a  f u r t h e r   a l t e r n a t i v e   embodiment  the  a l ignment   aid  c o m p r i s e s  

a  r e g i o n   of  m a r k i n g s   in  the  form  of  a  p l u r a l i t y   of  c o n c e n t r i c  

e l l i p s e s   having  a  common  major  ax i s .   Misal ignment   between  two  o r  

more  r e g i o n s   of  e l l i p t i c a l   m a r k i n g s   p r o d u c e s   one  or  more  M o i r e  



i n t e r f e r e n c e   f r i n g e s   ex t end ing   r a d i a l l y   outwardly   from  each  of  t h e  

two  foci  common  to  each  of  the  c o n c e n t r i c   e l l i p s e s .   These  f r i n g e s  

wi l l   only  d i s a p p e a r   and  the  markings  resume  a  uniform  appearance   when 

the  a l ignment   aids  are  in  a b s o l u t e   a l i gnmen t ,   ie  with  the  e l l i p s e s  

superimposed  e x a c t l y   one  upon  another   wi thout   angu la r   or  t r a n s -  

l a t i o n a l   m i s a l i g n m e n t .  

In  order   not  to  i n t e r f e r e   with  the  i n f o r m a t i o n   recorded   on  t h e  

t r a n s p a r e n c y ,   a  r e c t a n g u l a r   t r a n s p a r e n c y   acco rd ing   to  the  p r e s e n t  

i n v e n t i o n   w i l l   normal ly   have  an  a l ignment   aid  as  d e s c r i b e d   a b o v e  

p o s i t i o n e d   in  one  of  i t s   four  co rne r s ,   or  a d j a c e n t   an  edge  t h e r e o f .  

According  to  ano the r   a spec t   of  the  i n v e n t i o n ,   a  process   f o r  

reproduc ing   an  image  of  an  o r i g i n a l   r e p r e s e n t a t i o n   comprises   t h e  

s teps   of 

apply ing   to  the  o r i g i n a l   r e p r e s e n t a t i o n   an  a l ignment   aid  so  a s  

to  c rea te   an  a r t i c l e   in  accordance   with  a n y  o n e   p reced ing   c l a i m ,  

p r e p a r i n g   a  p l u r a l i t y   of  t r a n s p a r e n c i e s   each  r e p r e s e n t i n g  

a  component   of  the  o r i g n a l   r e p r e s e n t a t i o n   and  each  i n c l u d i n g   a  

r e p r o d u c t i o n   of  the  a l ignment   a i d ,  

and  r e p r o d u c i n g   an  image  of  each  t r a n s p a r e n c y   in  t u rn ,   s u c c e s -  

sive  images  being  super imposed  in  a ccu ra t e   a l ignment   by  use  of  t h e  

r e p r o d u c t i o n s   of  the  a l ignment   a i d .  

The  o r i g i n a l   r e p r e s e n t a t i o n   may  be  a  co lour   pho tograph ,   e a c h  

t r a n s p a r e n c y   r e p r e s e n t i n g   a  monochrome  component  t h e r e o f ,   and  e a c h  

t r a n s p a r e n c y   being  s u b j e c t e d   to  colour   c o r r e c t i o n   p r i o r   to  r e p r o d u c -  

t ion  of  an  image  t h e r e o f .  

A l t e r n a t i v e l y ,   the  o r i g i n a l   r e p r e s e n t a t i o n   may  be  in  c o l o u r ,  

each  t r a n s p a r e n c y   r e p r e s e n t i n g   a  monochrome  component  t h e r e o f ,   a n  

image  of  each  t r a n s p a r e n c y   i n c l u d i n g   the  a l ignment   aid  being  r e p r o -  
duced  on  a  r e s p e c t i v e   p r i n t i n g   p l a t e ,   and  a  monochrome  image  of  e a c h  

t r a n s p a r e n c y   being  p r i n t e d   from  i t s   r e s p e c t i v e   p l a t e ,   s u c c e s s i v e  

images  being  super imposed  i n a c c u r a t e   a l ignment   by  use  of  r e p r o d u c -  

t ions   of  the  a l ignment   a i d .  

According  to  a  s t i l l   f u r t h e r   aspect   of  the  i n v e n t i o n   there   i s  

provided  a  process   for  the  p r o d u c t i o n   of  a  double  s ided  p r i n t e d  

c i r c u i t   board,  compr is ing   the  s teps   of 

p r e p a r i n g   two  m a s t e r   t r a n s p a r e n c i e s   each  r e p r e s e n t i n g   t h e  

conduct ive   p a t t e r n   to  be  a p p l i e d   to  one  side  of  the  b o a r d ,  



i n c l u d i n g   on  each  master   t r a n s p a r e n c y   an  a l ignment   aid  so  as  t o  

c r e a t e   an  a r t i c l e   in  accordance   with  the  i n v e n t i o n ,   the  a l ignment   a i d  

being  so  p o s i t i o n e d   as  to  f a l l   o u t s i d e   the  boundary  of  the  board  when 

a l i g n e d   t h e r e w i t h ,  

super impos ing   and  a l i g n i n g   the  two  master   t r a n s p a r e n c i e s   on 

o p p o s i t e   s ides   of  the  board  by  use  of  super imposed  a l ignment   a i d s ,  

and  

t r a n s f e r r i n g   the  p a t t e r n   of  the  two  master   t r a n s p a r e n c i e s   to  t h e  

o p p o s i t e   s ides   of  the  b o a r d .  

The  i n v e n t i o n   wi l l   now  be  more  p a r t i c u l a r l y   d e s c r i b e d ,   by  way  o f  

example  only,  with  r e f e r e n c e   to  the  accompanying  drawings ,   in  wh ich  

Figure   1  is  a  view  of  a  par t   of  a  t r a n s p a r e n c y   in  a c c o r d a n c e  

with  the  i n v e n t i o n   c a r ry ing   an  a l ignment   aid  in  the  form  of  a  p a t t e r n  
of  s p i r a l s ,  

Figure  2  is  a  view  of  the  a l ignment   aid  of  Figure   1  s u p e r i m p o s e d  

upon  a n o t h e r   s i m i l a r   a id   but  a n g u l a r l y   m i s a l i g n e d   w i th   r e s p e c t  

t h e r e t o ,  

Figure  3  is  a  view  of  the  a l ignment   aid  of  Figure  1  s u p e r i m p o s e d  

upon  ano ther   s i m i l a r   a id,   but  t r a n s l a t i o n a l l y   m i sa l i gned   with  r e s p e c t  

t h e r e t o ,  

Figure  4  is  a  view  of  par t   of  a  t r a n s p a r e n c y   c a r r y i n g   a n o t h e r  

form  of  a l ignment   aid  accord ing   to  the  p re sen t   i n v e n t i o n ,  

Figure  5  is  a  view  of  the  a l ignment   aid  of  Figure  4  shown  when 

super imposed   upon  an  i n d e n t i c a l   a l ignment   aid  and  t r a n s l a t i o n a l l y  

m i s a l i g n e d   with  r e spec t   t h e r e t o ,  

Figure   6  is  a  view  of  the  a l ignment   aid  of  Figure   4  shown  when 

super imposed  upon  an  i d e n t i c a l   a l ignment   aid  and  a n g u l a r l y   m i s a l i g n e d  

with  r e s p e c t   t h e r e o f ,   and 

Figure  7  is  a  view  of  the  a l ignment   aid  of  Figure  4  shown  when 

super imposed  upon  an  i d e n t i c a l   a l ignment   aid  and  mi sa l igned   b o t h  

t r a n s l a t i o n a l l y   and  a n g u l a r l y   with  r e s p e c t   t h e r e t o .  

The  a l ignment   aid  shown  in  Figure   1  comprises   a  a  p a t t e r n   o f  

f ive   nes ted   s p i r a l s ,   ie  a  f i v e - s t a r t   s p i r a l   p a t t e r n .   The  maximum 

d iamete r   of  the  p a t t e r n   is  not  g r e a t e r   than  about  1cm,  and  t h e  l i n e  

d e n s i t y   is  about  100  l ines/mm.  With  such  an  a r r angemen t ,   a l i g n m e n t  

s e n s i t i v i t y   of  the  order  of  5  x  1 0  m   is  e a s i l y   a c h i e v e d .  

Figure  2  shows  the  e f f e c t   of  angula r   misa l ignment   between  two 

s i m i l a r   superimposed  a l ignment   a i d s .   As  seen  t h e r e i n ,   a  c i r c u l a r  



Moire  f r inge   2  is  produced  in  the  s p i r a l   p a t t e r n .  

Figure  3  shows  the  e f f e c t   of  a  pure ly   t r a n s l a t i o n a l   d i s p l a c e -  

ment.  In  th i s   case  a  p a t t e r n   of  r a d i a l l y   d isposed  Moire  f r i n g e s   3  i s  

c r e a t e d .  

The  a l ignment   aid  shown  in  F igures   1-3  occupies   only  very  s m a l l  

p r o p o r t i o n   of  the  su r f ace   of  the  t r a n s p a r e n c y ,   and  the  comple t e  

a l i g n m e n t   aid  o c c u p i e s   only   a  s i n g l e   sma l l   r e g i o n   a d j a c e n t   t h e  

pe r ime te r   of  the  t r a n s p a r e n c y   (eg  in  a  corner   or  near  an  e d g e ) .  

Accurate  a l ignment   of  even  a  l a rge   t r a n s p a r e n c y   is  made  s i m p l e ,  

by  d i r e c t   v i s u a l   o b s e r v a t i o n   of  a  s i n g l e   small  r eg ion .   Normal ly  

mic roscop ic   o b s e r v a t i o n   is  u n n e c e s s a r y ,   a l though   a  microscope  can  be 

used  if  e x c e p t i o n a l   accuracy   is  r e q u i r e d .   The  whole  procedure   i s  

much  s i m p l i f i e d   as  compared  to  any  p r i o r   p r o p o s a l ,   p a r t i c u l a r l y   i n  

that   the  need  for  r e p e a t e d   o b s e r v a t i o n   of  s eve ra l   widely  s p a c e d  

al ignment   aids  is  a v o i d e d .  

The  bounda ry   of  the   a l i g n m e n t   a id   of  F i g u r e   4  is  g e n e r a l l y  

c i r c u l a r   as  shown  at  11  ( a l t hough   no  s p e c i a l   importance  a t t a c h e s   t o  

th is   p a r t i c u l a r   shape) .   It  comprises   an  inner   zone  or  p o r t i o n   12  and 

an  outer  zone  or  p o r t i o n   13.  The  inner   p o r t i o n   12  comprises  mark ings  

14  in  the  form  of  a  p l u r a l i t y   of  c o n c e n t r i c   c i r c l e s ,   equispaced  one 

from  ano ther .   The  outer   p o r t i o n   13  compriss  a  d i f f e r e n t   set  o f  

markings  15  in  the  form  of  a  p l u r a l i t y   of  s t r a i g h t   l ines   p a r a l l e l   one 

with  a n o t h e r .  

The  a l ignment   aid  11  is  p r e s e n t   in  one  corner   of  each  of  two 

t r a n s p a r e n c i e s   which  r e q u i r e   to  be  a c c u r a t e l y   superimposed  one  upon 
ano the r .   When  the  t r a n s p a r e n c i e s   are  in  ab so lu t e   a l ignment   one  upon 

another   the  markings  of  the  a l ignment   aids  are  exac t ly   supe r imposed  

and  the  a l ignment   aid  11  r e t a i n s   the  appearance   of  the  markings  14 

and  15  as  shown  in  Figure  4 .  

Figure  5  shows  the  e f f e c t   of  a  small   t r a n s l a t i o n a l   m i s a l i g n m e n t  

between  two  superimposed  a l ignment   a ids   of  the  kind  shown  in  F i g u r e  

4.  The  t r a n s l a t i o n a l   misa l ignment   has  no  a f f e c t   upon  the  a p p e a r a n c e  

of  the  s t r a i g h t   l ine   markings  15  but  causes  dark  f r i nges   16  to  a p p e a r  
in  the  po r t ion   12  c o n t a i n i n g   the  c o n c e n t r i c   c i r c l e s   14.  As  s t a t e d  

p r e v i o u s l y   the  f i r s t   f r i n g e   is  obse rvab l e   once  the  a l ignment   aids  a r e  

misa l igned   by  one  half   of  the  spacing  between  ad j acen t   c i r c l e s .   L ine  

d e n s i t i e s   of  up  to  200  per  mm  may  be  recorded  on  a  p h o t o g r a p h i c  

t r an spa rency   wi thout   r e s o r t i n g   to  the  use  of  s p e c i a l i s e d   l e n s e s .  



This  means  t ha t   the  f i r s t   Moire  f r inge   is  observed  when  the  a l i g n m e n t  

a i d s   11  a r e   m i s a l i g n e d   by  only  2.5  m i c r o n s .   This  a c c u r a c y   i s  

f u r t h e r m o r e   o b t a i n e d   w i t h o u t   the  need  fo r   m a g n i f i c a t i o n   of  t h e  

a l i g n m e n t   aid  for  the  f r i n g e s   16  are  c l e a r l y   v i s i b l e   to  the  naked 

e y e .  

F i g u r e   6  shows  the  e f f e c t   of  the   s u p e r p o s i t i o n   of  the  two 

a l i g n m e n t   a ids   11  in  t r a n s l a t i o n a l   a l ignment   but  with  one  a l i g n m e n t  

a id   r o t a t e d   r e l a t i v e   to  the  other  by  a  small  amount.  The  a n g u l a r  

m i s a l i g n m e n t   has  no  apparen t   e f f e c t   on  the  p o r t i o n   12  con t a in ing   t h e  

c i r c u l a r   markings   14  which  r e t a i n   t h e i r   o r i g i n a l   appearance  as  i n  

F i g u r e   4.  However  dark  Moire  i n t e r f e r e n c e   f r i n g e s   17  are  observed  i n  

the  p o r t i o n   13  con t a in ing   the  grid  of  p a r a l l e l   s t r a i g h t   l ines   15.  

Assuming  once  again  a  l i ne   dens i ty   of  200  per  mm,  and  also  a s suming  

the  a l i g n m e n t   aid  11  to  have  a  diameter   of  about  1  cm  in  the  c o r n e r  

of  a  t r a n s p a r e n c y ,   equat ion   (1)  p r e d i c t s   tha t   an  angular   m i s a l i g n m e n t  

of  0 .03°   can  be  de t ec t ed   by  a  s ing le   a l ignment   a i d .  

F i g u r e   7  shows  an  a l ignment   aid  11  with  f r i n g e s   16  and  17  i n  

both  p o r t i o n s   12  and  13  due  to  misa l ignment   both  t r a n s l a t i o n a l l y   and 

a n g u l a r l y .   An  ope ra to r   in  a l i g n i n g   two  t r a n s p a r e n c i e s   w i l l   move  one 

t r a n s p a r e n c y   r e l a t i v e   to  the  other  so  as  to  e l i m i n a t e   the  f r i n g e s   16, 

17  in   b o t h   p o r t i o n s   of  the   a l i g n m e n t   a i d .   The  r e q u i r e m e n t   f o r  

m i c r o s c o p i c a l l y   viewing  each  al ignment  aid  i n d i v i d u a l l y   as  in  p r i o r  

a r t   d e v i c e s   is  thereby  e l i m i n a t e d .  

An  i m p o r t a n t   use  for  an  al ignment  aid  accord ing   to  the  p r e s e n t  

i n v e n t i o n   is  in  the  pho tograph ic   p r i n t i n g   p rocess .   In  order  to  c a r r y  

out  c o l o u r   b a l a n c i n g   and  adjus tment   a  s ing le   photograph  is  s p l i t  

up  i n t o   s e v e r a l   monochrome  t r a n s p a r e n c i e s   t y p i c a l l y   one  black  and  one 

for   each  p r imary   colour .   An  al ignment  aid  app l i ed   to  the  o r i g i n a l  

p h o t o g r a p h   is  reproduced  on  each  monochrome  t r a n s p a r e n c y .   Colour  

c o r r e c t i o n   is  then  c a r r i e d   out  on  each  s e p a r a t e   t r a n s p a r e n c y   b e f o r e  

a l l   t he   t r a n s p a r e n c i e s   are  superimposed  to  produce  the  r e q u i r e d  

m a s t e r   n e g a t i v e .   Use  of  the  a l i g n m e n t   a id s   r e p r o d u c e d   on  e a c h  

t r a n s p a r e n c y   enables   quick  and  accura t e   a b s o l u t e   a l ignment   of  t h e  

i n d i v i d u a l   t r a n s p a r e n c i e s ,   in  order  to  produce  a  colour  c o r r e c t e d  

r e p r o d u c t i o n   of  the  o r i g i n a l .  

In  some  colour   p r i n t i n g   processes   such  an  o f f s e t   l i t h o g r a p h y ,  

only  one  c o l o u r   of  ink  can  be  depos i t ed   on  to  the  paper  at  any  one 

t ime.   T h e r e f o r e   the  o r i g i n a l   colour  photograph  or  other   r e p r e s e n t a -  



t ion   must  be  s p l i t   in to  s eve ra l   monochrome  t r a n s p a r e n c i e s   to  e n a b l e  

i n d i v i d u a l   p r i n t i n g   p l a t e s   to  be  made  for  each  r e q u i r e d   co lour .   An 

a l ignment   aid  of  the  kind  provided  by  the  p r e s e n t   i n v e n t i o n ,   i n c o r -  

po ra t ed   on  to  the  border  of  the  colour  pho tograph ,   wi l l   ensure  t h a t  

each  monochrome  t r a n s p a r e n c y   has  an  a l i g n m e n t   a i d  t h e r e o n .   By 

t r a n s f e r r i n g   the  a l ingment   aid  from  one  t r a n s p a r e n c y   on  to  each  o f  

the  p l a t e s   to  be  used  ( t y p i c a l l y   by  pho tochemica l   e t c h i n g ) ,   s u b s e -  

quent  monochrome  t r a n s p a r e n c i e s   can  be  a c c u r a t e l y   a l i g n e d   each  w i t h  

i t s   r e s p e c t i v e   p r i n t i n g   p l a t e .   This  wi l l   help  to  ensure  that   e ach  

p r i n t i n g   p l a t e   d e p o s i t s   i t s   coloured  ink  in  the  c o r r e c t   p o s i t i o n  

r e l a t i v e   to  those  a l r eady   on  the  p a p e r .  
A  f u r t h e r   use  for  the  al ignment  aid  is  in  the  manufac ture   o f  

d o u b l e   s i d e d   p r i n t e d   c i r c u i t   b o a r d s .   T y p i c a l l y   the  c o n d u c t i v e  

p a t t e r n   on  a  p r i n t e d   c i r c u i t   board  is  formed  by  t r a n s f e r r i n g   t h e  

p a t t e r n   from  a  'mas t e r '   t r a n s p a r e n c y   to  the  board  by  p h o t o c h e m i c a l  

e t c h i n g .   I t   is  common  p r a c t i c e   to  t r a n s f e r   p a t t e r n s   to  both  sides  of  

the  board,   e i t h e r   for  the  purpose  of  mounting  the  maximum  amount  o f  

e l e c t r o n i c   c i r c u i t r y   on  the  board  or  for  the  purpose  of  s h i e l d i n g   t h e  

c i r c u i t   from  e l e c t r i c a l   i n t e r f e r e n c e .   When  p a t t e r n s   are  app l i ed   t o  

both  s ides   of  the  board,   they  must  be  a l igned   to  ensure  that   com- 

ponents   mounted  on  one  s ide  of  the  board  remain  e l e c t r i c a l l y   i s o l a t e d  

from  components  or  conduc t ive   t racks   on  the  o ther   s i d e .  

Since  the  two  master   t r a n s p a r e n c i e s   are  s e p a r a t e d   by  the  b o a r d ,  

a l ignment   cannot  be  made  by  v i s u a l l y   i n s p e c t i n g   the  r e g i s t r a t i o n   of  

the  two  p a t t e r n s .   For  th i s   reason,   it   is  n e c e s s a r y   to  provide  some 

a l t e r n a t i v e   means  for  ach iev ing   accu ra t e   s u p e r p o s i t i o n   of  the  t r a n s -  

p a r e n c i e s   on  oppos i t e   s ides   of  the  board.  This  can  very  c o n v e n i e n t l y  

be  done  by  the  p r o v i s i o n   of  an  a l ignment   aid  acco rd ing   to  the  i n v e n -  

t ion   near   the  pe r ime te r   of  each  master   t r a n s p a r e n c y .   The  board  i s  

then  p laced   between  the  two  master  t r a n s p a r e n c i e s   so  tha t   the  a l i g n -  

ment  a ids   f a l l   ou t s ide   i t s   boundary.  The  t r a n s p a r e n c i e s   can  thus  be 

a c c u r a t e l y   r e g i s t e r e d   in  abso lu te   a l ignment   by  d i r e c t   v i s u a l   i n s p e c -  
t i on   and  a d j u s t m e n t ,   p r i o r   to  t r a n s f e r   of  the  conduc t ive   p a t t e r n   from 

the  t r a n s p a r e n c i e s   to  the  b o a r d .  



1.  An  a r t i c l e   having  an  a l ignment   aid  t he reon   compris ing  a  s i n g l e  

region  of  markings  in  the  form  of  c l o s e l y   spaced  l i n e s ,   the  a r r a n g e -  

ment  of  l i n e s   w i th in   the  s i n g l e   region  being  such  that   on  s u p e r -  

i m p o s i t i o n   of  such  an  a l i gnmen t   aid  on  a  t r a n s p a r e n c y   over  such  a n  

a l ignment   aid  on  ano ther   a r t i c l e ,   Moire  f r i n g e s   are  formed  by  i n t e r -  

a c t i on   of  the  super imposed   markings  of  the  r e s p e c t i v e   s ing le   r e g i o n s ,  

unless   the  a l ignment   a ids   are  a l igned   in  both  t r a n s l a t i o n a l   and  

angula r   s e n s e s .  

2.  An  a r t i c l e   a cco rd ing   to  claim  1  wherein   the  ad j acen t   l i ne s   o f  

the  markings  are  e q u i - s p a c e d   one  from  a n o t h e r .  

3.  An  a r t i c l e   acco rd ing   to  claim  1  or  claim  2  wherein  the  c l o s e l y  

spaced  l i ne s   are  in  the  form  of  a  s p i r a l .  

4.  An  a r t i c l e   accord ing   to  claim  3  wherein  the  c l o s e l y   spaced  l i n e s  

are  in  the  form  of  at  l e a s t   two  c o n c e n t r i c   s p i r a l s .  

5.  An  a r t i c l e   acco rd ing   to  claim  1  or  c laim  2  wherein  the  a r r a n g e -  

ment  of  l i n e s   w i t h i n   the  said  s i ng l e   r eg ion   comprises   a  zone  o f  

s t r a i g h t   p a r a l l e l   l i n e s   and  a  zone  wherein  the  c l o s e l y   spaced  l i n e s  

are  in  the  form  of  c o n c e n t r i c   c i r c l e s .  

6.  An  a r t i c l e   a cco rd ing   to  claim  5  wherein  the  zone  of  p a r a l l e l  

l i nes   sur rounds   the  zone  of  c o n c e n t r i c   c i r c l e s .  

7.  An  a r t i c l e   accord ing   to  claim  1  or  c laim  2  wherein  the  c l o s e l y  

spaced  l i ne s   are  in  the  form  of  c o n c e n t r i c   e l l i p s e s   having  a  common 

major  a x i s .  

8.  An  a r t i c l e   a cco rd ing   to  a n y  o n e   p reced ing   c laim,   the  a r t i c l e  

being  a  p h o t o g r a p h i c   t r a n s p a r e n c y .  

9.  An  a r t i c l e   a c c o r d i n g   to  a n y  o n e   p r eced ing   c la im,   the  a r t i c l e  

being  a  p r i n t i n g   p l a t e .  

10.  An  a r t i c l e   having  -an  a l ignment   aid  the reon   s u b s t a n t i a l l y   a s  

h e r e i n b e f o r e   d e s c r i b e d   with  r e f e r e n c e   to  F igures   1  to  3  or  Figures   4 

to  7  of  the  accompanying  d r a w i n g s .  

11.  An  a r t i c l e   a cco rd ing   to  claim  1  and  s u b s t a n t i a l l y   as  h e r e i n -  

before   d e s c r i b e d .  

12.  A  process   for  r e p r o d u c i n g   an  image  of  an  o r i g i n a l   r e p r e s e n t a t i o n  

compris ing  the  s teps   o f  

app ly ing   to  the  o r i g i n a l   r e p r e s e n t a t i o n   an  a l ignment   aid  so  a s  

to  c r ea t e   an  a r t i c l e   in  accordance   with  a n y  o n e   preceding  c l a i m ,  



p r e p a r i n g   a  p l u r a l i t y   of  t r a n s p a r e n c i e s   each  r e p r e s e n t i n g  

a  component   of  the   o r i g n a l   r e p r e s e n t a t i o n   and  each  i n c l u d i n g   a  

r e p r o d u c t i o n   of  the  a l ignment   a i d ,  

and  r e p r o d u c i n g   an  image  of  each  t r a n s p a r e n c y   in  turn ,   s u c c e s -  

sive  images  being  super imposed  in  a ccu ra t e   a l ignment   by  use  of  t h e  

r e p r o d u c t i o n s   of  the  a l ignment   a i d .  

13.  A  process   a c c o r d i n g   to  claim  12  wherein  the  o r i g i n a l   r e p r e s e n -  

t a t i o n   is  a  co lour   pho tograph ,   each  t r a n s p a r e n c y   r e p r e s e n t s   a  mono- 

chrome  component  t h e r e o f ,   and  each  t r a n s p a r e n c y   is  s u b j e c t e d   t o  

c o l o u r   c o r r e c t i o n   p r i o r   to  r e p r o d u c t i o n   of  an  image  t h e r e o f .  

14.  A  process   a c c o r d i n g   to  claim  12  wherein  the  o r i g i n a l   r e p r e s e n -  

t a t i o n   is  in  c o l o u r ,   each  t r a n s p a r e n c y   r e p r e s e n t s   a  monochrome  

c o m p o n e n t   t h e r e o f ,   an  image  of  each  t r a n s p a r e n c y   i n c l u d i n g   t h e  

a l ignment   aid  is  r ep roduced   on  a  r e s p e c t i v e   p r i n t i n g   p l a t e ,   and  a 

monochrome  image  of  each  t r a n s p a r e n c y   is  p r i n t e d   from  i t s   r e s p e c t i v e  

p l a t e ,   s u c c e s s i v e   images  being  superimposed  i n a c c u r a t e   a l ignment   by 

use  of  r e p r o d u c t i o n s   of  the  a l ignment   a i d .  

15.  A  process   for  the  p r o d u c t i o n   of  a  double  s ided  p r i n t e d   c i r c u i t  

board,  compris ing   the  s teps   o f  

p r e p a r i n g   two  m a s t e r   t r a n s p a r e n c i e s   each  r e p r e s e n t i n g   t h e  

conduct ive   p a t t e r n   to  be  app l i ed   to  one  side  of  the  b o a r d ,  

i n c l u d i n g   on  each  master  t r a n s p a r e n c y   an  a l ignment   aid  so  as  t o  

c r e a t e   an  a r t i c l e   in  a c c o r d a n c e   wi th   a n y  o n e   of  c l a i m s   1  to  8 ,  

10  or  11,  the  a l ignment   aid  being  so  p o s i t i o n e d   as  to  f a l l   o u t s i d e  

the  boundary  of  the  board  when  a l igned  t h e r e w i t h ,  

super impos ing   and  a l i g n i n g   the  two  master   t r a n s p a r e n c i e s   on 

oppos i te   s ides   of  the  board  by  use  of  superimposed  a l ignment   a i d s ,  

and 

t r a n s f e r r i n g   the  p a t t e r n   of  the  two  master  t r a n s p a r e n c i e s   to  t h e  

oppos i te   s ides   of  the  b o a r d .  

16.  Any  nove l   and  i n v e n t i v e   f e a t u r e   or  c o m b i n a t i o n   of  f e a t u r e s  

h e r e i n b e f o r e   d i s c l o s e d .  
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